The production of siderophores is greater in rhizosphere inhabiting fungi and bacteria. The present work was designed to isolate the rhizosphere inhabiting bacteria and fungi from the rhizosphere of Phaseolus Vulgaris, Pisum sativum, Vicia faba and Alfa alfa. The obtained isolates has been screened for siderophores production using Chrome Azurol Sulfonate assay (CAS). The highest siderophore producer bacterium and fungus has been molecularly identified as Bacillus MG214652 and Aspergillus niger MH844535 respectively. They were able to produce 70.4% and 87% units of siderophore respectively. Bacillus MG214652 siderophores was characterized as catecholate type with maximum absorbance at 495 nm. Aspergillus niger MH844535 siderophore was characterized as hydroxymate type with maximum absorbance at 450 nm.
INTRODUCTION
Rhizosphere is the part of the soil surrounding the plant roots and this region was characterized by root exudations in intention to stimulate beneficial microbes growth that would be highly important for plant physiology in addition to their ability to inhibit pathogen growth and infection to plant (Leong, 1986; Höfte et al., 1994) . One of the important elements is iron, which is nearly essential for all forms of life (Clark, 2004) , because iron have a diverse role in the redox reactions, the biosynthesis of chlorophyll, the detoxification of oxygen radicals and many other physiological activities (Alexander and Zuberer, 1991; Khamna et al., 2009) . Under aerobic conditions, Ferrous ions forms very insoluble mineral precipitates, which severely restrict the bioavailability of iron (Neilands, 1995) .
Siderophores are iron scavenger-chelating agents, secreted by many organisms under iron stress conditions for iron chelation (Ali and Vidhale, 2013) , it has low molecular weight "600-1500 Daltons" (Clark, 2004) with extraordinarily high complex formation constants for ferric iron (Matzanke, 1994) . The iron-siderophore complex is recognized by a corresponding outer membrane receptor protein, which successively transports the complex into the cell (Lankford and Byers, 1973) .
Based on the oxygen ligands for Fe +3 coordination, siderophores are classified in to catecholate, hydroxymate and carboxylate (Alexander and Zuberer, 1991; Khamna et al., 2009) . Catecholate type siderophore is mostly produced by the bacteria (Dave et al., 2006) , Each catecholate group chelate iron and form a hexadentate octahedral complex. On the other hand, most of the Fungal siderophores are belonging to hydroxymate type siderophore (Khamna et al., 2009) . Each hydroxamate group forms a bidentate ligand with iron (Winkelmann, 2007) .
In this study, the ability of some legume rhizosphere-inhabiting bacteria and fungi to produce siderophores was explored. The siderophore producers were identified and the siderophores type were qualified and quantified.
MATERIALS AND METHODS
-Samples collection and isolation of rhizosphere inhabited Bacteria and fungi The isolates for this study has been obtained from the rhizosphere region of Phaseolus vulgaris, Pisum sativum, Vicia faba and Alfa alfa. Plants and their associated root material were placed individually in a plastic bags and brought to laboratory. The soil dilution plate method was used as isolation technique (Kumar et al., 2015) . Both solid Luria-Bertani medium (LB) and solid Potato dextrose medium (PDA) were used for bacteria and fungi isolation.
-Screening for siderophoresproduction Because siderophores produced only under iron deficient conditions (Sharma and Johri, 2003) , All glassware was rinsed with 6 N HCl for 24 h then washed with de-ionized water to get rid of iron contamination (Hu and Xu, 2011) . The Chrome Azurol Sulfonate assay (CAS) was used for screening for the bacterial siderophores production (Schwyn and Neilands, 1987) , while the modified method Chrome Azurol Sulfonate half plate was used for screening for the fungal siderophores production (Milagres et al., 1999) . In both methods, the CAS agar medium containing the blue dye complex of CAS, Fe +3 and HDTMA, the colour change from blue into orange or dark purplish-red color indicates the Fe-binding compound production. In this study, CAS Indicator Solution and the basal agar medium was prepared as (Nailwal et al., 2014) . During the preparation of CAS dye PIPES buffer was replaced with (0.1 M) HEPES buffer as a modification described in 2006 (Mirabello, 2006) .
-Siderophores production estimation
The bacterial isolates were grown for 3 days on Iron-restricted minimal salt medium (MM9) at 37ºC (Murugappan et al., 2011) , while the isolated fungi were grown for 14 days on PDA medium at 28º C (Srivastava et al., 2013) . The culture supernatant of both types of microbiota was further subjected to Chrome Azurol Sulfonate liquid assay, for quantitative assessment of siderophore production. After CAS solution preparation, an equal volume was added to the culture supernatant, the positive result is the change of the blue color to orange or dark purplish-red and spectrum was observed at 630 nm. The results were expressed as a Siderophores unit which was calculated with following formula:
%Siderophore unit= [ (Ar-As)] /Ar x 100
Where Ar is the reference absorbance and As is sample absorbance, both of them at 630 nm (Payne, 1994 ).
-Bacterial molecular identification Based on the siderophore unit result, the most siderophores producer bacterium (Ph3) was molecularly identified by 16S rRNA analysis. Firstly, the bacterial genomic DNA was isolated according to the manufacturer's instructions using the PrepMan™ Ultra Sample Preparation kit (PN 4322547). The isolated DNA was then used as a template for the PCR containing the universal bacterial primers the forward primer 5'-AGTTTGATCATGGTCAG-3' and reverse primer 5' GGTTACCTTGTTACGACT 3' (Tork et al., 2010) . The thermal cycler was programmed as follow: 95 °C for 10 min, 95 °C for 30 sec, 60 °C for 30 sec, 72 °C for 45 sec and 72 °C for 10 min (30 cycles). The PCR product was purified by Montage PCR Filter Unit (Millipore PN UFC7 PCR50) and confirmed to present in sample by running a 2% agarose gel. The sequencing reaction was performed in the 9700 thermal cycler at a total volume of 20 µL ( 7 µL of the purified PCR product and 13 µL of the Sequencing Module) by adjusting the thermal cycling conditions to 96 °C for 10 sec, 50 °C for 5 sec and 60 °C for 4 sec ( 25 cycles). Then the excess dye terminators and primers were removed from the cycle sequencing reaction using DyeEx™ 2.0 Spin Kit (Qiagen PN 63204). The generated sequence were analyzed by Finch TV (version 1.4.0) software and the phylogenetic tree was generated via MEGA software version 6software using the closest published type strains sequences. Then the sequence of the isolatewere submitted to the GenBank on NCBI.
-Fungi molecular identification All the isolated fungi ASG1, ASG2, ASG3, ASG4 and ASG5 were molecularly identified by 18S rRNA analysis. Firstly, the fungal DNA was extracted by employing the Fast DNA® Spin Kit according to the supplier's instructions. The ITS1 region from the DNA samples were used as templates for PCR containing the following primers 18 FITS1 (5'-CTTGGTC ATTTAGAGGAAGTAA-3') and the reverse primer 18RITS4 (5'-TCCTCCGCTTATTGATATGC-3'). The PCR reactions was performed using a thermo-cycler at the following temperature programs: 94 °C for 5 min, 94 °C for 40 s, 55 °C for 45 s, 72 °C for 1.5 min, 72 °C for 7 min (35 cycles). The sizes of the PCR products was determined by electrophoresis on 1.5 % agarose gel. Then, the desired products were excised and purified by the Qiagen II Agarose Gel Extraction Kit according to the supplier's instructions. The sequencing reactions were performed using a thermo-cycler (Master cycler, Eppendorf) at a total volume of 10 µl by using the following temperature program: 96 °C for 1 min, 96 °C for 30 s, 60 °C for 10 s, 60 °C for 4 min, 72 °C for 5 min (25 cycles). The purified sequencing reaction products were dried under vacuum and then analyzed using Applied Biosystems (ABI PRISM Big Dye Terminator v1.1). The obtained sequences were annotated using the Sequencher™ 4.8 Software. DNA similarity search was performed using the BlastN program and the databases of European Molecular Biology Laboratory (EMBL) and GenBank from the National Center for Biotechnology Information website (NCBI). The generated sequence were analyzed by Finch TV (version 1.4.0) software and the phylogenetic tree was generated via MEGA software version 6software using the closest published type strains sequences. Then the sequence of the isolate were submitted to the GenBank on NCBI.
-Detection of siderophores chemical nature
The most siderophores producer isolates bacterium and fungus were tested for their siderophores function group. Catecolate and hydroxymate type siderophores were differentiated by FeCl 3 test (Neilands, 1981) . In this test, the formation of wine colored ferric catecolate with λ max at 495nm indicates the presence of catecolate siderophore. While the formation of orange colored ferric hydroxamate, showing λ max ranging from 420 -450nm indicates hydroxymate siderophore (Neilands, 1981) .Carboxylate type siderophore was detected by the spectrophotometric test (Shenker et al., 1992) . In this test spectra from 190-280 was monitored for the siderophoresCu complex (Shenker et al., 1992) .
RESULTS AND DISCUSSION
In the present research from the rhizosphere region of Pisum sativum, Phaseolus vulgari, Vicia faba and Alfa alfa, a totally 25 morphological different bacterial colonies and 5 fungi mycelium were recovered, purified and preserved for further experiments. According to CAS assay, 11 bacteria strains and 3 fungi developed an orange or dark purplish-red color. Figure 1 -I shows the change in the blue colour in response to iron chelation by bacteria and figure 1-II shows that for the fungal isolates. Several rhizosphere bacteria and fungi synthesized and secreted siderophores in response to iron depletion condition (Crowley, 2006; Khamna et al., 2009) . It has been found that, siderophores production is greater in bacteria and fungi isolated from soil near plant roots than in heavy metal soil (Hussein and Joo, 2014) . Thus, because the siderophores of the rhizosphere microorganism influence the ability of plants to acquire iron from soil, and inhibiting the pathogen from root colonization (Rajkumar et al., 2010) . Table one shows the siderophores unit (%) produced by the obtained rhizosphere bacteria and fungi. The bacterial isolate ph3 that has been obtained from Phaseolus vulgaris rhizosphere and the fungal isolate ASG4 that has been isolated from Vicia faba rhizosphere produced 70.4 and 87 respectively. The molecular identification of the bacterial isolate Ph3 showed that the strain is a member of the genus Bacillus, and the tree topology (Fig. 2) showed high level of sequence identity (99 %) to Bacillus amyloliquefaciens, it has been given the name Bacillus MAP3 MG214652. Bacillus amyloliquefaciens is recognized as a rhizosphere colonizing bacteria that is used as a plant growth promoting bacteria (Chen et al., 2007) as well as a biocontrol against phyopathogens (Arguelles-Arias et al., 2009) .
The selected fungi ASG4 was molecularly identified to be a member of genus Aspergillus as the tree topology (Fig. 3) showed high level of sequence identity to members of the Genus Aspergillus niger which is accounted as one of the rhizosphere fungus and crop growth promotion (Yadav et al., 2011) . Its accession number on the data base is MH844535. In the FeCl 3 test, the spectral analyses of Bacillus MAP3 ferrated siderophores, show a maximum absorbance at 495,which confirm the catecolate nature of the siderophores (Fig. 4-I) , this result was consonance with a previous study (Clark et al., 2014) , that indicated the predominate of catecholate type siderophores in the Bacillus genus, specifically Bacillibactin catecolate type siderophores. However, in the study of (Murugappan et al., 2011) they reported that its impossible to characterize the siderophores based on the bacteria species, because siderophores of varying nature have been produced by the same genus. In the same test for the siderophore of Aspergillus niger MH603592, its show maximum absorbance at 450 which is confirmed the hydroxymate nature of siderophores (Fig. 4-II) and is in accordance with the report of (Patel et al., 2017) , Moreover, (Neilands, 1981) have observed that the iron hydroxamate complex is more stable and therefore more significant in the rhizosphere. While no evidence for carboxylate in the spectrophotometric test for the both isolates. 
